Lissencephaly ("smooth brain," LIS) is a malformation of cortical development associated with deficient neuronal migration and abnormal formation of cerebral convolutions or gyri. The LIS spectrum includes agyria, pachygyria, and subcortical band heterotopia. Our first classification of LIS and subcortical band heterotopia (SBH) was developed to distinguish between the first two genetic causes of LIS-LIS1 (PAFAH1B1) and DCX. However, progress in molecular genetics has led to identification of 19 LIS-associated genes, leaving the existing classification system insufficient to distinguish the increasingly diverse patterns of LIS. To address this challenge, we reviewed clinical, imaging and molecular data on 188 patients with LIS-SBH ascertained during the last 5 years, and reviewed selected archival data on another ∼1,400 patients. Using these data plus published reports, we constructed a new imaging based classification system with 21 recognizable patterns that reliably predict the most likely causative genes. These patterns do not correlate consistently with the clinical outcome, leading us to also develop a new scale useful for predicting clinical severity and outcome. Taken together, our work provides new tools that should prove useful for clinical management and genetic counselling of patients with LIS-SBH (imaging and severity based classifications), and guidance for prioritizing and interpreting genetic testing results (imaging based-classification). and X-linked lissencephaly with abnormal genitalia or XLAG (Dobyns & Barkovich, 1999; Dobyns et al., 1983; Ramer et al., 1995) . dysmorphism designated as Miller-Dieker syndrome (Dobyns et al., 1983; Stratton, Dobyns, Airhart, & Ledbetter, 1984) and continued with discovery of the two most common causal genes-LIS1 (aka PAFA1H1)
dysmorphism designated as Miller-Dieker syndrome (Dobyns et al., 1983; Stratton, Dobyns, Airhart, & Ledbetter, 1984) and continued with discovery of the two most common causal genes-LIS1 (aka PAFA1H1)
and DCX-in 1993 (des Portes et al., 1998 Gleeson et al., 1998; Reiner et al., 1993) . Subsequent work by many groups has to date identified 19 LIS-SBH associated genes including LIS1, many of which are microtubule structural (tubulin) or microtubule-associated proteins (MAPs), including: ACTB, ACTG1, ARX, CDK5, CRADD, DCX, DYNC1H1, KIF2A, KIF5C, LIS1, NDE1, RELN, TUBA1A, TUBA8, TUBB, TUBB2B, TUBB3, TUBG1, and VLDLR (Abdollahi et al., 2009; Boycott et al., 2009; Breuss et al., 2012; Di Donato, Jean et al., 2016; Gleeson et al., 1998; Hong et al., 2000; Jaglin et al., 2009; Keays et al., 2007; Kitamura et al., 2002; Magen et al., 2015; Poirier et al., 2013; Poirier et al., 2010; Reiner et al., 1993; Riviere et al., 2012; Willemsen et al., 2012) . We include NDE1, as the associated gyral malformation resembles tubulinopathyassociated dysgyria (Paciorkowski et al., 2013 PMID 23704059 ). An abnormal gyral pattern has also been described with mutations of RNU4ATAC, but too few brain images have been published to allow us to define the malformation (Abdel-Salam et al., 2013) .
Our early work on LIS defined a grading system for severity of the gyral malformation (grades 1-6) and recognized several subtypes based on the anterior-posterior gradient, which could be diffuse (no gradient), posterior predominant, or anterior predominant (Dobyns, Elias, Newlin, Pagon, & Ledbetter, 1992; Dobyns, Truwit et al., 1999; Kato & Dobyns, 2003; Pilz et al., 1998) . This brain imaging-based system proved useful for separating LIS1-and DCX-linked LIS syndromes, but has not been sufficient to distinguish the increasingly diverse patterns of malformation seen with all of the novel genes.
Here, we report our experience with LIS patterns and syndromes in more than 1,500 affected individuals. For this study, we systematically reviewed brain MRI and molecular data from 188 LIS-SBH patients ascertained over the past 5 years in two research programs. Using our existing system, we could classify only about 70% of patients in the two cohorts, and even among these did not separate groups with different causal genes effectively. In many patients, we found variant features that have not been used for classification. We therefore developed a new system that incorporates additional imaging and molecular data. We re-ordered the classification from least to most severe, as this order is more commonly used with other clinical grading systems. We also correlate these data with neuropathological data when available. Our goal was to develop an integrated classification system able to use the LIS-SBH imaging pattern to reliably predict the most likely causative genes.
| MATERIALS AND METHODS

| Subjects
The two senior authors (WBD, RG) have ascertained more than 1,500 children with LIS or SBH over the past 30 years. From these two cohorts, we selected 129 patients referred predominantly from North America (Seattle cohort) and 59 from Europe (Florence cohort) between 2009 and 2015, when high resolution scans were available for most patients. The combined cohort includes 93 males, 90 females, and 5 individuals of unknown sex with ages varying from 1 day to 40 years. When specific questions arose regarding rare LIS patterns, we selectively reviewed patients ascertained prior to 2009. Institutional review boards at the University of Chicago, Seattle Children's Hospital, and Meyer Children's Hospital, Florence approved this study.
Our cohort includes patients with malformations intermediate between LIS and polymicrogyria, the pattern we address below as tubulinopathy-associated dysgyria. We excluded patients with cobblestone cortical malformations, the malformation associated with Walker-Warburg syndrome, muscle-eye-brain disease and GPR56-associated dysgyria, as the pathological changes are different from LIS and other classifications have been proposed (Brun et al., 2017; Devisme et al., 2012) . The only exception is that we have included rare patients with severe tubulinopathies who have features overlapping with cobblestone malformations (Fallet-Bianco et al., 2014) .
| Clinical data
Clinical information and results of genetic testing were obtained from medical records submitted together with MRI scans by referring physicians or parents of the patients. Clinical data was available for all patients. We personally examined 23 of 129 (18%) patients from the Seattle cohort and all 59 from the Florence cohort. Additional molecular data were obtained from targeted sequencing done by various methods (Sanger sequencing, targeted panel and whole exome sequencing) over the last five years in the Dobyns or Guerrini labs. In all, molecular data was available for 70/129 (56%) patients in the Seattle cohort and 55/59 (93%) in the Florence cohort. To supplement these data, we also performed an extensive literature review, and summarized the clinical features attributed to the recently discovered genes associated with LIS.
| Brain imaging
Brain magnetic resonance imaging (MRI) studies of all patients from the Seattle and Florence cohorts were available for review. The studies included T1-and T2-weighted sequences, and variable high-resolution (less than 2 mm) volumetric and other sequences obtained in sagittal, axial and usually coronal planes. All were reviewed with particular attention to the severity (LIS grade) and gradient of the gyral malformation, cortical thickness and presence of associated brain malformations.
Agyria was defined as cortical regions with sulci >3 cm apart, pachygyria as abnormally wide gyri with sulci 1.5-3 cm apart, and subcortical band heterotopia (SBH) as longitudinal bands of gray matter located deep to the cerebral cortex and separated from it by a thin layer of normal appearing white matter. The gyral pattern is characterized by abnormally shallow sulci. The cerebral cortex in agyria and pachygyria was either very thick, measuring 10-20 mm (thick or classic LIS), or less often mildly thick measuring 5-10 mm ("thin" LIS, see results). We used the term "dysgyria" for a cortical appearance intermediate between LIS (pachygyria) and polymicrogyria consisting of mixed large and small gyri separated by shallow sulci with a smooth gray-white border.
| Evaluation algorithm
We first separated SBH from LIS because of the relatively normal 6-layered cortical architecture seen in classic SBH as well as the strong association of SBH with mosaicism, leaving rare patients with mixed LIS-SBH (frontal pachygyria and posterior bands) within the LIS group, as most known mutations have been germline. We then separated patients by gradient, initially into diffuse (no visible gradient), posterior-predominant, and anterior-predominant groups. The severity gradient was determined based on the gyral width, with gyri typically >5 mm wider over the more severely affected regions. The increased gyral width typically correlates with thicker cortex, although this may not be apparent with lower resolution images. Patients with rare perisylvian-predominant pachygyria were combined with the posterior group. We also defined a small temporal-predominant group that included only boys with severe ARX mutations.
Finally, we evaluated the remaining imaging features that include cortical appearance and non-cortical malformations, which have previously been used in supplementary classification systems only (Barkovich, Guerrini, Kuzniecky, Jackson, & Dobyns, 2012; Cushion et al., 2013; Jissendi-Tchofo, Kara, & Barkovich, 2009; Kato & Dobyns, 2003; Ross, Swanson, & Dobyns, 2001) . Imaging criteria are summarized in Table 1 , while Figures 1-3 demonstrate the typical morphological patterns. We found cerebellar hypoplasia (CBLH) with a dysplastic foliar pattern to be the easiest to assess and most frequent malformation associated with LIS. Other non-cortical malformations such as basal ganglia dysgenesis, agenesis of the corpus callosum, enlarged tectum and brainstem hypoplasia were frequently associated with cerebellar hypoplasia. We reviewed only one patient who had dysplastic basal ganglia and tectal hyperplasia with normal cerebellum.
| RESULTS
We reviewed brain MRI studies on all 188 children in this study, as well as selected children enrolled prior to 2005 to confirm rare subtypes, and catalogued all malformations observed.
We first separated LIS and SBH based on appearance and association of SBH with mosaicism, and also separated children with birth head circumference below −4 SD into a separate cohort with "microlissencephaly," most of whom also had severe cerebellar hypoplasia. We next organized patterns into (1) severe malformations with no apparent gradient that include only diffuse agyria and diffuse SBH, and (2) Table S1 ).
| New criteria
To divide these into smaller and more homogenous groups, we selected two additional imaging features that varied significantly within several of these groups-cortical or band thickness, and presence or absence of non-cortical malformations. Our stepwise analysis using these features is shown in Supplementary Tables S1 and S2, while the known LIS and SBH genes associated with each of the new subgroups are shown in Supplementary Table S3. Cortical thickness is a novel classification criterion for LIS that distinguishes thick (10-20 mm), thin (5-10 mm; here "thin" refers to relatively thin compared to other forms of LIS), and variable (thick in some areas, thinner in others) cortex. Our data show that posteriorpredominant forms of LIS are more common than anterior-predominant or diffuse forms, and that thick cortex (also called "classic" LIS) is much more common than variable or thin cortex among LIS subtypes (Supplementary Table S1 ). Similarly, we separated SBH into those with thick (>7 mm) and thin (1-7 mm) bands. (a-c) thin LCH with diffuse agyria, thin cortex, absent corpus callosum, dysplastic basal ganglia, thin brainstem, thick tectum, and severe cerebellar hypoplasia; (d-f) thick LCH with the same features except for a thick cortex; (g-i) diffuse agyria without other features as seen in Miller-Dieker syndrome; (j-l) severe microcephaly, diffuse agyria, thin cortex, absent corpus callosum, remarkably severe brainstem hypoplasia, possibly enlarged tectum, and severe hypoplasia or absent cerebellum as seen in Barth microlissencephaly syndrome. Black arrow point to an enlarged tectum (a, d), while white asterisks denote cerebellar hypoplasia (a, d) or absence (j). Different gyral patterns are shown for the right hemispheres only with triple white arrows marking agyria. These images were selected from subjects LR12-176 (a-c), LR09-393
Brain imaging patterns in patients with posterior predominant forms. (a-c) Frontal pachygyria and posterior agyria as seen in most patients with LIS1 deletions or mutations; (d-f) complete pachgyria more severe posteriorly without other features; (g-i) complete pachgyria more severe posteriorly with short corpus callosum and mild cerebellar hypoplasia; and (j-l) diffuse tubulinopathy-associated dysgryia with absent corpus callosum, mildly dysplastic basal ganglia, thin dysplastic brainstem, moderate cerebellar hypoplasia, and mildly enlarged posteriior fossa or "mega-cisterna magna" (mcm), white asterisk denotes cerebellar hypoplasia. Different gyral patterns are shown for the right hemispheres with agyria (triple white arrows), pachygyria (double white arrows), and dysgyria (single white arrows) marked. These images were selected from subjects LR14-023 (a-c), LR12-381 (d-f), , and LR09-250 (j-l) FIGURE 3 Brain imaging patterns in three patients with lissencephaly (LIS) showing diffuse and anterior predominant forms. (a-c) Diffuse agyria and mild cerebellar vermis hypoplasia as seen with severe DCX mutations in males; (d-f) anterior pachygyria as seen with mild DCX mutations in males or with mutations of ACTB or ACTG1; (g-i) anterior pachygyria that transitions to posterior subcortical band heterotopia as seen with mutations of ACTB or ACTG1, rarely DCX; (j-l) equivalent normal images at 18 months. White line points out agenesis of the corpus callosum (g), while white asterisk shows cerebellar hypoplasia (d). Different gyral patterns are shown for the right hemispheres only with agyria (triple white arrows) and pachygyria (double white arrows) marked. These images were selected from subjects LR03-352 (a-c),
The reliability of the cortical measurement depends strongly on the imaging quality. For newborns and neonates younger than 3 months, we recommend use of heavily T2-weighted images, preferably with 3D (volumetric) acquisition, and use images in the axial plane for measurements. 3D images can be re-oriented if necessary to assure that measurements of thickness are made perpendicular to the cortex. The cortical thickness cannot be measured reliably on scans done between 3 and 24 months of age, due to ongoing myelination that causes blurring of the cortical-white matter junction. For older children and adults, the cortex can be measured using T1-weighted images giving the best cortical-white matter contrast (for example gradient echo or inversion recovery). 3D images are preferable if possible.
We also introduce or re-introduce (Kloss, Pieper, Pannek, Holthausen, & Tuxhorn, 2002 ) the term dysgyria to refer to any abnormal gyral and sulcal pattern, modified as needed. The term "dysgyria not otherwise specified" is intended to encompass any cortical malformation that does not fit into one of the well-defined categories of malformations of cortical development such as LIS, SBH, cobblestone malformation, focal cortical dysplasia, or polymicrogyria.
For example, several of the original reports of cortical malformations with tubulin genes (TUBB2B, TUBB, TUBB3) described "polymicrogyria" rather than LIS (Breuss et al., 2012; Jaglin et al., 2009; Poirier et al., 2010) . But our experience and published reports since then have shown that the brain-imaging features are intermediate between LIS
(pachygyria) and polymicrogyria, consisting of mixed large and small gyri separated by shallow sulci, a smooth gray-white border and little infolding (Cushion et al., 2013; Mutch et al., 2015; Oegema et al., 2015) . We will refer to this pattern, as suggested by Mutch et al., as tubulinopathy-related dysgyria.
The presence or absence of cerebellar hypoplasia (usually diffuse or vermis predominant), as the most frequent of the non-cortical malformations seen with LIS-SBH, is the final new criterion used to separate different forms of LIS. Small cerebellar vermis and in particular small and dysplastic anterior vermis has recently been described as a consistent feature in patients with tubulin and MAP gene mutations (Mutch et al., 2015) . Other non-cortical malformations such as basal ganglia dysgenesis, agenesis of the corpus callosum, enlarged tectum, and brainstem hypoplasia were frequently associated with cerebellar hypoplasia, but rarely seen without cerebellar hypoplasia. Table 2 . This table was designed for clinicians to take the LIS-SBH imaging pattern and reliably predict the most likely causative genes. However, the same imaging patterns are not as useful in predicting clinical severity, such as the intellectual disability and epilepsy.
| Clinical severity
The LIS-SBH severity grade generally correlates with clinical outcome, with severe LIS (agyria) more severe than intermediate LIS (pachygyria), and both more severe than SBH. But when other imaging criteria are added, correlation with the clinical severity becomes less consistent, making clinical management more difficult. To address this need, we have correlated the major imaging patterns with the typical developmental outcome based on published reports and our extensive clinical experience, and adapted this to fit with the new classification scheme (Table 3) . Each of three clinical severity grades-mild (1), moderate (2), and severe (3)-includes three to four morphological subtypes that have a different impact on the neurological status and mental development. Exceptions may occur with these subtypes, most frequently with severe epilepsy, which often lowers overall function.
| Microlissencephaly (MLIS)
We first classified patients with severe congenital microcephaly (defined as birth OFC more than 3 SD below the mean, or when not available earliest OFC more than 4 SD below the mean) and LIS-designated as "microlissencephaly" (MLIS)-separately as the phenotypes were always very severe and brain imaging different from thick LIS (Ashwal, Michelson, Plawner, & Dobyns, 2009; Barkovich et al., 1998; Dobyns & Barkovich, 1999) (Barth, Mullaart, Stam, & Slooff, 1982; Klinge et al., 2002) . We intentionally excluded other forms of severe congenital microcephaly associated with other malformations of cortical development, primarily polymicrogyria, as seen for example in patients with biallelic mutations in WDR62 or KATNB1.
| DISCUSSION
The first classification system for LIS and SBH was developed after the first two genetic causes of LIS were identified, and considered only LIS with a thick (10-20 mm) cortex, and smooth cortical surface and graywhite border (Dobyns, Truwit et al., 1999; Kato & Dobyns, 2003; Pilz et al., 1998) . Later reports described several variant types of LIS associated with mildly thick cortex or with non-cortical malformations such as cerebellar hypoplasia, but these were not systematically integrated into the classification system. Based on detailed reviews of 188 patients with LIS-SBH and archival data on another ∼1,400 patients, we have revised the system to take advantage of two additional imaging features, especially cortical thickness and noncortical malformations, and advances in molecular genetics to separate the cohort into (so far) 21 brain imaging-driven patterns (Table 2 ). This system also corresponds well to the neuropathological features. References by gene: ACTG1 (Riviere et al., 2012) , CDK5 (Magen et al., 2015) CRADD (Di Donato, Jean et al., 2016) , DCX (Matsumoto et al., 2001; Pilz et al., 1998) , DYNC1H1 (Jamuar et al., 2014; Poirier et al., 2013; Willemsen et al., 2012) , KIF2A (Poirier et al., 2013) , KIF5C (Cavallin et al., 2015; Jamuar et al., 2014; Poirier et al., 2013; Willemsen et al., 2014) , NDE1 (Paciorkowski et al., 2013) , RNU4ATAC (Abdel-Salam et al., 2013) , TUBA8 (Abdollahi et al., 2009) , TUBB (Breuss et al., 2012) , TUBB3 (Fallet-Bianco et al., 2014) , TUBB2B (Fallet-Bianco et al., 2014) , VLDLR (Boycott et al., 2009). c From limited data, the brain imaging phenotypes with NDE1 and RNU4ATAC mutations appear to be intermediate between lissencephaly and a severe simplified gyral pattern, possibly similar to some tubulinopathy scans.
4.1
| Rare patterns
d
Non-cortical malformations include agenesis of severe hypoplasia of the corpus callosum, dysplastic basal ganglia, tectal hyperplasia, cerebellar hypoplasia with or without folial dysplasia (as described by Oegema et al., 2015 ).
e
We have not observed posterior gradient in thin undulating lissencephaly in own cohorts. No patients with posterior predominant thin undulating lissencephaly have been reported in the literature to the best of our knowledge.
f Barth type microlissencephaly is a diffuse agyria with severe brain stem hypoplasia and rudimentary cerebellum (Barth et al., 1982; Kroon et al., 1996) . *4-layered LIS was described in two fetuses, however, without providing an exact head measurement (severe microcephaly <-3 SD, or borderline ∼ −2 SD) (Fallet-Bianco et al., 2014) .
**Pathology demonstrated a 3-layered LIS, significantly different from the pattern associated with ARX. Leptomenings showed extensive glioneuronal heterotopia. Supperficial layers appeared hyperconvoluted, resembling polymicroguria. The 1st molecular layer were sparse, in contrast to the hypercellular molecular layer seen with ARX mutations (Juric-Sekhar et al., 2011) . ***Pathology showed a 4-layered LIS with neuronal cells seen also in the leptomeningeal space, with additional brain stem changes, cerebellar hypoplasia and a hyperplastic choroid plexus (Barth et al., 1982) .
The next group includes a few patients with microcephalic osteodysplastic primordial dwarfism type 1 (MOPD1), a syndrome that we view as heterogeneous. The frequency of MLIS in patients with MOPD1 is not known, but several reports describe anterior-predominant LIS with thin 7-8 mm cortex and ACC (Abdel-Salam et al., 2013; Juric-Sekhar et al., 2011; Klinge et al., 2002; Meinecke & Passarge, 1991; Ozawa et al., 2005) . Similarly, at least one patient with Meier-Gorlin syndrome and mutation of ORC1 had a cortical malformation (Bicknell et al., 2011) , although normal development is seen in most patients.
Finally, a few reports show an even more severe form of MLIS consisting of diffuse agyria with 4-8 mm cortex, enlarged extra-axial space surrounding the cerebrum, and severe brainstem and cerebellar hypoplasia, which we designate as the Barth microlissencephaly syndrome (Barth et al., 1982; Kroon, Smit, Barth, & Hennekam, 1996; Miyata, Chute, Fink, Villablanca, & Vinters, 2004 ). While very rare, we have reviewed data on another nine patients from our entire database. This is a provisional classification for MLIS that may need further subdivisions as more knowledge is gained.
| Neuropathology
The neuropathological features of classic or thick LIS are well known, and include a thick and poorly organized 4-layered cortex with (1) molecular, (2) superficial cellular (pyramidal cell), (3) cell sparse, and (4) deep cellular layers (Crome, 1956; Jellinger & Rett, 1976) Data from these and other reports of single subjects or small series are summarized in Table 2 have 4-layered thick LIS with a posterior more severe than anterior gradient, relatively thick superficial cellular layer (layer 2) and blurred cortical-white matter margin, designated LIS-4LP (Forman et al., 2005) .
Reports of the brain with thick LIS due to TUBA1A mutations are likely the same (Fallet-Bianco et al., 2014) . Brains from patients with less severe mutations of TUBA1A or TUBB2B, or most mutations of TUBB and TUBB3 show distinct features intermediate between thick LIS and polymicrogyria, which we designate tubulinopathy-associated dysgyria (Fallet-Bianco et al., 2014) . The neuropathological and imaging features in these three conditions overlap, suggesting a spectrum related to centrosomal and microtubule dysfunction. Di Donato, Jean et al., 2016; Guerrini & Dobyns, 2014; Guerrini & Filippi, 2005; Leventer, Cardoso, Ledbetter, & Dobyns, 2001) 1-2 Diffuse thin SBH (< 10 mm) Moderate to severe ID, severe language impairment, seizures often poorly controlled, life expectancy may be reduced although many survive to adulthood Cardoso et al., 2000; de Rijk-van Andel et al., 1990; Dobyns et al., 1992; Guerrini & Dobyns, 2014; Leventer et al., 2000; Spencer-Smith, Leventer, Jacobs, Luca, & Anderson, 2009) 2-2 Mixed pachygyria-SBH 2-3 Diffuse pachygyria a > p or p > a 3. Severe 3-1 Mixed pachygyria-agyria Profound ID, poorly controlled seizures, short survival typical with mortality rate ∼50% by 10 years with normal cerebellum, and much higher with cerebellar hypoplasia (BahiBuisson et al., 2014; Barth et al., 1982; de Rijk-van Andel et al., 1990; Dobyns, Curry, Hoyme, Turlington, & Ledbetter, 1991; Dobyns et al., 1992; Ross et al., 2001) 3-2 Diffuse agyria 
| Genotype-phenotype analysis
Use of the new criteria separated patients into 21 groups with robust genotype-phenotype correlations as shown in Table 2 . 3. The only genes associated with both anterior-and posteriorpredominant LIS were microtubule-associated motor proteins (DYNC1H1 and KIF5C).
4.
The most severe type of LIS, diffuse agyria, has been associated with mutations of only five genes: DCX (almost exclusively in males),
(rare), and CDK5 (based on a single homozygous mutation). 
| Clinical severity
To supplement our expanded imaging classification, we have correlated the more common imaging patterns with typical clinical outcome ( Table 3 ). The major medical problems influencing the developmental prognosis and lowering the life expectancy are feeding difficulties that include gastro-esophageal reflux and aspiration, epilepsy of many different types, and pneumonia. 35-85% of children with classic (thick) LIS develop infantile spams (Guerrini & Dobyns, 2014) . Seizures are often intractable and many patients have the classic electrophysiological signs of Lennox-Gastaut syndrome.
Cognitive development often slows with the onset of seizures (Guerrini & Dobyns, 2014) .
| Differences in cohorts
Overall, we found similar frequencies of different types of LIS and SBH between the Seattle and Florence cohorts ( Table 2 ). The small differences include a higher frequency of more severe subtypes, such as diffuse agyria with cerebellar hypoplasia and MLIS, in the Seattle cohort, and a higher frequency of less severe subtypes, such as partial and thin SBH, in the Florence cohort. These differences are most likely due to differences in ascertainment. About 80% of patients in the Seattle cohort were referred from other centers for review of an abnormal brain imaging study, leading to a referral bias of more severe malformations. In contrast, the Department of Pediatric Neurology at Meyer Children Hospital of Florence is a large referral center for European children with epilepsy. Therefore, the absence of patients with clinically more severe LIS in the Florence cohort is likely related to the early lethality of these patients, before they could be admitted for the specialized epilepsy care, and the severity of the associated neurodevelopmental disabilities. The Florence cohort also has fewer patients with thin undulating lissencephaly, probably because these patients have lower frequency of epilepsy.
